Background: Visual perceptual skills of school-aged children are often assessed by occupational therapists using the Test of Visual Perceptual Skills-Revised (TVPS-R). Tests like the TVPS-R need to exhibit adequate construct validity and unidimensionality. Objective: The purpose of the study was to evaluate the factor structure and unidimensionality of the TVPS-R and its seven subscales. Methods: The visual perceptual performance scores from a sample of 356 normally developing children (171 boys and 185 girls) ranging in age from 5 to 11 years were used to complete a factor analysis with orthogonal Varimax rotation on the TVPS-R and its seven subscales. Results: All seven of the TVPS-R subscales exhibited multidimensionality instead of the expected unidimensionality. The TVPS-R composite scale exhibited multidimensionality as well.
Introduction
In the 1970s and 1980s, several standardised tests of visual perception were developed: (1) the Motor-Free Visual Perception Test (Colarusso & Hammill, 1972) , (2) the Test of VisualPerceptual Skills (non-motor) (Gardner, 1982) , and (3) the Test of Visual-Motor Skills (Gardner, 1986) . Subsequent to their development, a number of these instruments were revised and updated in the 1990s: (1) Motor-Free Test of Visual PerceptionRevised (Colarusso & Hammill, 1996) , (2) Developmental Test of Visual Perception-2 (Hammill et al., 1993) , and (3) Test of Visual Perceptual Skills (Non-Motor)-Revised (Gardner, 1996) . The measurement properties of these visual perceptual scales include evidence of their reliability, validity, sensitivity to change, and clinical utility (Burtner et al., 1997) . Clinicians need to use valid visual perceptual instruments when assessing clients (Decker & Foss, 1997; Schneck, 2005) . However, despite revision and updating, the measurement properties of these instruments continue to receive limited attention in the published literature.
Several authors have raised concerns in the professional literature regarding the construct validity of visual perceptual tests currently being used by occupational therapists, psychologists and educators in their practice (Burtner et al., 1997; Zoltan, 1996) . For example, Hammill et al. stated (1993, p. 4) that "the tests of visual perception that are available today are all seriously flawed". Practitioners need well-constructed visual perceptual assessment tools that can be used with confidence.
This study attempted to address this issue by examining the factor structure (a type of construct validity) of the Test of Visual Perceptual Skills-Revised (TVPS-R) (Gardner, 1996) , because it is one of the most commonly used tests of motor-free visual perception in occupational therapy (Bishop & Curtin, 2001; Brown et al., 2005; Chu & Hong, 1997; Crowe, 1989; Feder et al., 2000; Rodger, 1994; Wallen & Walker, 1995) .
Visual Perception
Completion of many occupations, both educational and activities of daily living, requires a combination of refined abilities that include vision, visual perception, and visual motor functions (Chaikin & Downing-Baum, 1997; Erhardt & Duckman, 2005; Van Waelvelde et al., 2004) . Visual perception is understood here to include a person's ability to interpret, understand and define incoming visual information (Scheiman, 1997) . Several subtypes of visual perception have been identified, including visual discrimination, visual-spatial relationships, visual closure, and visual memory (Gardner, 1996) .
Occupational therapists and other practitioners often assess and treat visual perceptual problems occurring in school-aged children (Kalb & Warshowsky, 1991; Todd, 1993; Wright et al., 2000) . Difficulties in this skill area can have a negative impact on a number of occupational performance and functional skill areas for children that include problems in reading, spelling, cursive and manuscript written output, and math (Cornoldi et al., 2003; Schneck & Lemer, 1993; Solan & Ciner, 1989; Weil & Amundson, 1994) . In other words, visual perceptual dysfunction can negatively affect school-aged children's ability to successfully complete their activities of daily living, participate in play or recreational activities, complete school work and achieve age-related developmental tasks (AOTA, 1991; Dankert et al., 2003; Kovacs, 2000; Loikith, 2005) . Therefore, it is important for occupational therapists to utilise assessments that possess sound measurement properties in order to assess the presence and impact of visual perceptual dysfunction in children. One of the most commonly used tests of visual perceptual skills in school-aged children is the TVPS-R.
The Test of Visual Perceptual SkillsRevised (TVPS-R)
The TVPS-R is non-linguistically oriented and, according to Gardner (1982) , the test developer, its stimuli are not culturally bound. Gardner views visual perceptual skills as several discrete elements and, hence, the TVPS-R evaluates seven visual perceptual sub-skills as follows: (1) visual discrimination, (2) visual memory, (3) visual-spatial relationships, (4) visual form constancy, (5) visual sequential memory, (6) visual figure-ground, and (7) visual closure (Gardner, 1982) . There are 16 items arranged progressively according to their difficulty on each of the seven subscales. The subscales consist of various forms and shapes.
The TVPS-R is designed to be used with school-aged children between 4 and 12 years of age, who have four or five potential response options to choose from on each subscale item (Gardner, 1982) . They respond by selecting the correct choice from a multiple-choice format that does not require motor responses such as drawing or copying shapes and designs. It is for this reason that the TVPS-R is referred to as being motor-free or non-motor. Depending on the age of the child, it takes approximately 30 to 45 minutes to administer the test and 5 to 10 minutes to score. The child is shown the test plates and asked to point to the correct response from among four or five choices on the card. Scoring, which can only be carried out by qualified professionals such as occupational therapists, is a simple matter of summing the correct responses on each subscale and determining derived scores. The subscale items are scored dichotomously.
Validity of the Test of Visual Perceptual SkillsRevised
Three types of validity are reported in the TVPS-R manual: content validity, criterion-related validity, and construct validity. Construct validity deals with the ability of an instrument to measure the unique characteristics of interest, in this case, visual perception. Factor validity, a type of construct validity, evaluates whether all the items of a scale or test measure what it purports to measure. This property is also referred to as unidimensionality.
Gardner gained information about the construct validity of the TVPS-R by examining the inter-correlations of its seven subscales and their correlations with the total test score. The correlations ranged from 0.69 to 0.73. The inter-correlations between the subscales ranged from 0.34 to 0.47. These figures are in the low to moderate range, an indication that the subscales, whilst related, are measuring a different aspect of visual perception. When examined with the total test score, the seven subscales exhibited moderate to moderately high positive correlations, indicating the measurement of visual perceptual skills (Gardner, 1996) .
According to Gardner (1996) , the term visual perception is the "ability of the brain to understand and interpret (make sense of) what the eyes see; and based on understanding and interpretation, it is the ability to express the meaning verbally or motorically" (p. 8). He viewed visual perceptual skills as being made up of a number of sub-skills and, hence, the TVPS-R is made up of seven subscales. Therefore, the construct validity evidence reported about the TVPS-R should in principle support Gardner's conceptualisation of visual perceptual skills.
To date, only one other published study, completed by Brown and Gaboury (2006) , has evaluated the TVPS-R's construct validity. Using four different confirmatory factor analytic goodness-of-fit model indices, Brown and Gaboury reported that two of the fit indices supported the unidimensionality of the TVPS-R whilst the other two did not. In addition, the results of Brown and Gaboury indicated that of the seven TVPS-R subscales, five could be used with confidence, whereas the visual memory and visual form constancy subscales were not recommended.
The TVPS-R manual does not report any evidence of convergent, divergent, factor or predictive validity. Several reviewers have advocated the need for further research to address these areas of concern (Busch-Rossnagel, 1985; DeGangi, 1987; Denison, 1985; Klein et al., 2002; McFall et al., 1993) . Further research about the construct validity and unidimensionality of the TVPS-R is needed.
Purpose
The purpose of this research was to examine the factor structure and unidimensionality of the TVPS-R and its seven subscales using confirmatory factor analysis.
Methods

Participants
Boys and girls were eligible for this study if consent to participate in the study (by both the child and the parent/guardian/ caregiver) was given, and if the child was between 5 and 11 years old, proficient in English speaking and listening skills, and had no major diagnosed intellectual or physical impairment(s) based on screening procedures. A sample of convenience of 356 children ranging in age from 5 to 11 years was recruited; of those, 171 (48%) were boys and 185 (52%) were girls. Participants were from one geographical area, which was the Ottawa metropolitan region, Ontario, Canada.
The children came from junior kindergarten through to seventh grade. The total sample percentage distribution of children in each grade level was as follows: junior kindergarten, 3.1%; senior kindergarten, 14.9%; grade one, 16%; grade two, 13.8%; grade three, 16.3%; grade four, 15.7%; grade five, 9.3%; grade six, 8.4%; and grade seven, 2.5%. Half of the children were enrolled in the public school system (n = 178), 26.7% were enrolled in the Catholic school system (n = 95), and the remainder were enrolled in the private school system (23.3%). The majority of the children spoke only English (71.3%), whilst the rest spoke English and French (25.6%), English and another language (1.7%), or English, French and another language (1.4%).
Instrumentation
A demographic questionnaire was used to gather relevant background data about the children. The children then completed the seven TVPS-R subscales.
Data Analysis
The Statistical Package for the Social Sciences (SPSS) version 10.0 (Kirkpatrick & Feeney, 2001 ) was used for the data entry, storage and retrieval. SPSS was used for factor analysis, graphing and calculation of confidence intervals. Descriptive statistics such as measures of central tendency (e.g. mean, median, and mode) and measures of variance (e.g. standard deviations or standard error of the mean) were calculated as appropriate to the data using SPSS.
Unidimensionality was confirmed by confirmatory factor analysis with orthogonal Varimax rotation of the item scores using SPSS version 10.0 (Kirkpatrick & Feeney, 2001 ). Factor analysis is a mathematical process that determines linear combinations of the variables in order to explain the maximum amount of variance in the data (Nunnally & Bernstein, 1994) . The criterion specified for the minimum factor loading that an item can have and still be considered part of the underlying latent trait was 0.40 (Nunnally & Bernstein, 1994) .
Procedures
Ethics committee approval from The University of Queensland Behavioural and Social Sciences Ethical Review Committee, Brisbane, Queensland, Australia, and from the Children's Hospital of Eastern Ontario Ethical Review Committee, Ottawa, Ontario, Canada were obtained. If informed consent was received from both the child and his or her parent/ guardian/caregiver, then they were asked to complete a screening questionnaire designed to eliminate children deemed to be unsuitable as participants (see inclusion criteria above). Once the candidates were selected, they were then asked to complete the TVPS-R. The TVPS-R was administered by a qualified occupational therapist who had 10 years of professional experience.
Because the purpose of the study was to evaluate the factor structure and unidimensionality of the TVPS-R, it was administered to each child in its entirety instead of being discontinued when the child's performance reached the ceiling score outlined in the test manual. Under normal circumstances, when a child answers three consecutive questions or three out of four consecutive questions incorrectly on the subscales, his/her performance on that subscale is terminated.
Results
TVPS-R Raw Scores
The mean TVPS-R subscale scores for each age level are reported in Table 1 . The sample norm scores reported in the TVPS-R test manual are also in Table 1 to allow for comparison purposes.
TVPS-R Subscales
TVPS-R subscales were factor-analysed using principal component analysis with Varimax rotation. The factor analysis results are reported in Table 2 . For the visual discrimination scale, four factors were extracted, accounting for 48.80% of the total variance, indicating that the TVPS-R visual discrimination scale is multidimensional. The TVPS-R visual memory scale yielded five factors accounting for 49.00% of the total variance ( Table 3 ), indicating that the TVPS-R visual memory scale was multidimensional. TVPS-R visual-spatial relationships yielded three factors accounting for 46.00% of the total variance (Table 4) .
The TVPS-R visual form constancy produced five factors ( Table 5 ) that accounted for 50.42% of the total variance. TVPS-R visual sequential memory yielded four factors that were extracted (Table 6) , which accounted for 45.30% of the total variance. The TVPS-R visual figure-ground yielded four factors that were extracted (Table 7) , which accounted for 53.56% of the total variance. The 16 TVPS-R visual closure items yielded three factors that accounted for 44.00% of the total variance (Table 8 ). These findings indicate that all subscales are multidimensional.
TVPS-R Motor-Free Visual Perceptual Scale (Seven Subscales Combined)
The TVPS-R motor-free visual perceptual scale consists of 112 dichotomously scored items that make up seven subscales. In the TVPS-R manual, only the seven individual subscales are summed together to get seven separate subscale summary scores. The seven subscales delimit the types of visual perceptual skills included in the TVPS-R. According to the TVPS-R manual, the 112 items from the seven subscales are not summed together to get one overall motor-free visual perceptual score. Instead, the seven standard scores derived from the seven scales item totals are summed to calculate an overall motor-free visual perceptual quotient.
The TVPS-R motor-free visual perceptual scale was factoranalysed using principal component analysis with Varimax rotation and 30 factors were extracted. These factors accounted for 61.10% of the total variance. It would appear that because the items did not load on one dimension, the overall TVPS-R motorfree visual perceptual scale is a multidimensional construct.
Discussion
In this study, all seven of the TVPS-R subscales exhibited multidimensionality. This is not what the TVPS-R manual purports. In order to adequately evaluate a child's discrete visual perceptual skills, each subscale should theoretically load on one factor. For example, when the items on the TVPS-R visual memory subscale are factor-analysed, they should all load on one factor. However, in this study, the visual memory subscale items loaded on five subfactors. Klein et al. (2002) recently completed both an exploratory factor analysis and a confirmatory factor analysis of the 1982 version with a sample of 294 children from Alberta, Canada. The seven scales were analysed separately so that the factor loadings for each scale could be examined. Results from the analysis indicated that many, though not all, of the Test of Visual Perceptual Skills (TVPS) items across the seven subscales loaded on a dominant first factor. All of the items from the visual-spatial relationships subscale consistently loaded on the first factor. Fifteen of the 16 items loaded on the first factor for the visual discrimination, visual sequential memory, visual figure-ground, and visual closure subscales, but only 12 of the 16 items loaded on the first factor from the visual form constancy and visual memory subscales. According to Klein et al. (2002) , items for some subscales consistently loaded on the first factor (e.g. visual-spatial relationships subscale), whilst other items from the other TVPS subscales appeared to be multidimensional because they loaded on multiple factors. This implies that there was not unidimensionality, but multiple factors in the subscales (e.g. visual form constancy and visual memory subscales). These outcomes presented a complex structure where TVPS items loaded on multiple factors. As a consequence, Klein et al. (2002) wondered whether the same factor was being measured by the different subscales.
In this study, the seven scales were also combined into one overall visual perceptual scale comprised of the 112 items that were factor-analysed. The results indicated that 30 discreet factors emerged, accounting for over 60% of the variance. Because the TVPS-R states that the seven perceptual quotients derived from the seven subscale can be added together to calculate a score of a child's overall visual perceptual skills, the TVPS-R items should theoretically all load on one master visual perceptual factor. According to the results of this study, this was not the case. Therefore, the suggested practice of using scale quotients to calculate an overall visual perceptual scale score is not recommended. Clinicians should use the seven scales and attempt to develop an overall profile of a client's visual perceptual abilities instead of relying on one overall summary score. 20 NR *The total sample norm group for the TVPS-R was 1,032 children aged 4 years to 12 years. This study only enrolled children aged 5 to 11 years. Hence only the TVPS-R test manual sample norm scores for children aged 5 to 11 years are reported in this table for comparison purposes; † range = 0-16; ‡ range = 0-112. VD = visual discrimination; VM = visual memory; VSR = visual-spatial relationships; VFC = visual form constancy; VSM = visual sequential memory; VFG = visual figure-ground; VC = visual closure; TS = total scale; SD = standard deviation; NR = not reported in test manual.
The one disadvantage of merging the items from seven different scales together into one overall motor-free visual perceptual scale forces the assessor to constantly change the instructions given to the subject for completing each item (e.g. completing a visual memory scale item, and then completing a visual figure-ground scale item). Practically speaking, this would be onerous for the test-administrator and confusing for the participant completing the scale.
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Hong Kong Journal of Occupational Therapy Klein et al. (2002) , using a confirmatory factor analysis, evaluated the factor structure for all seven subscales at the same time by fitting the subscale scores to a unidimensional model. The results from the confirmatory analysis did not support the unidimensional assumption, because the one-factor model provided a poor fit to the observed data. According to Klein et al. (2002) , the confirmatory factor analysis did not support the use of the TVPS perceptual quotient as representing a unidimensional measure of visual perception. Because of this, they cautioned clinicians in their use and interpretation of the TVPS perceptual quotient. Brown and Gaboury (2006) evaluated the factor structure of the TVPS-R using four different confirmatory factor analytic goodness-of-fit model indices. The results indicated that only two of the four fit indices supported the unidimensionality of the TVPS-R. In addition, the results of Brown and Gaboury indicated that only five of the seven TVPS-R subscales could be used with confidence. The TVPS-R visual memory
8
Hong Kong Journal of Occupational Therapy and visual-form constancy subscales were not recommended for use.
Study Limitations and Recommendations for Future Research
This study had several limitations. Firstly, only the motor-free visual perception theoretical construct was considered. Visual motor integration as a component of visual perception was not addressed. Secondly, the TVPS-R was based only on American subjects. In this study, only Canadian respondents were used and this may have influenced the findings. However, Canada and the United States share many common characteristics in terms of culture, education standards, socioeconomic status, and standard of living as well as geographical proximity. Therefore, it should be feasible to apply normative data obtained in the United States to Canadian respondents. The TVPS-R sample norm scores reported in the TVPS-R for its seven subscales are reported in Table 1 , along with the mean scale scores for the participants in this study for comparison purposes. Thirdly, only children presenting with normal profiles were included as participants in this study. Children with either an intellectual or physical impairment (including developmental delays and/or learning disabilities), or not possessing a working knowledge of the English language were excluded. It would be interesting to compare the analysis output results of a clinical group of respondents with a non-clinical group to see what differences might emerge (e.g. compare the performance of a group of children diagnosed with attention deficit disorder with a group of children with cerebral palsy); theoretically, findings should be similar. For purposes of this study, however, typically developing children were appropriate participants to complete the required data analyses.
Finally, when recruiting children as participants, only those who, along with their parents, consented to participate in the study were included. There is always the possibility of some bias related to parental consent. Children whose parents did not provide consent may possess some unique characteristics or score profiles. Because informed consent is an ethical requirement, including children who did not have permission to participate from their parents was not a viable option.
It would be worthwhile to evaluate the discriminative/ diagnostic validity of the TVPS-R by determining its ability to differentiate between a group of respondents who have a clinical diagnosis (such as cerebral palsy or attention deficit disorder) with a group who are typically developing. One final suggestion for future study is to evaluate the predictive validity of the TVPS-R. For example, is the TVPS-R able to predict future academic ability of children?
Conclusion
When the seven individual TVPS-R scales were factor-analysed, they all exhibited multidimensionality instead of the hypothesised unidimensionality. Similarly, when they were collapsed Hong Kong Journal of Occupational Therapy 9 together to form an overall composite scale of motor-free visual perceptual skills, the items failed to group together to measure a unidimensional construct. This indicates that the TVPS-R subscale items are measuring more than the seven subscale constructs and the overall construct of visual perception. Hence, the construct validity of the TVPS-R is problematic. These results also suggest that the seven TVPS-R subscales should not be used on an individual basis with clients to generate a profile of their motor-free visual perceptual skills nor should they be compiled together to calculate an overall summary motor-free visual perceptual score or perceptual quotient.
